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INTRODUCTION
Scenarios as instruments for problem identification and for assisting
decision-making date from the 1940s, when nuclear physicists used
computer simulations to tackle probabilities and uncertainties and then
military strategists helped military organizations to plan military operations
(Yue et al., 1999). In the late 1960s, scenarios entered the civilian vocab-
ulary (Kahn & Wiener, 1967). In the early 1970s, many companies and
governmental organizations started using scenarios for their strategic deci-
sion-making and planning (Jefferson, 1983). Since the late 1970s, scenarios
have been used in issues of sustainable development (Haefele et al., 1981;
World Energy Council, 1993; Schoute et al., 1995; Gallopin & Rijsberman,
1999; Nakicenovic et al., 2000; Raskin, 2000; Alcamo & Ribeiro, 2001;
Organization of Economic Cooperation and Development, 2001; Putting &
Bakkes, 2003). In the 1980s and especially in the 1990s, physical planning
was made more explicit in order to promote public discussion and more
integrated scenarios with various alternatives were made (Wack, 1985; van
de Klundert, 1995; World Business Council on Sustainable Development,
1997).
Scenarios are defined as plausible alternative futures, each an
example of what might happen under particular assumptions (Millen-
nium Ecosystem Assessment, 2003). In addition to this definition of
scenarios, there are many other ones. For instance, the Intergovern-
mental Panel on Climate Change described scenarios as alternative fu-
tures that are neither predictions nor forecasts, but an alternative image
of how the future might unfold (Nakicenovic et al., 2000). Alcamo et al.
(1995) defined scenarios as projections of the future state of the society
and environment based on specific assumptions about key determinants
such as population, economic growth, technological change, or envi-
ronmental policies. Veeneklaas and van den Berg (1995) defined it as a
description of a possible or desirable future state as well as of the series
of events that could lead from the current state of affairs to this future
state. Godet (1987) defined it as a description of a future situation to-
gether with the progression of events leading from the base situation to
the future situation.
Each one of SMPD scenarios is a plausible alternative future under
particular assumptions of elevation, water system, net primary productivity
(NPP), urbanization, transport infrastructure development, and population
growth.
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THE SMPD MODEL AND ASSUMPTIONS OF MAJOR SMPD
VARIABLES
By means of grid generation method (Morrison, 1962; Sidorov, 1966;
Ahuja & Coons, 1968; Liseikin, 1999), surface modeling of population distri-
bution (SMPD) is developed (Yue et al., 2003, 2005), which is a transformation
between computational domain (i,j) and physical domain (i, j, SMPDij (t )).
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where t is a time variable; Gðn; tÞ is total population in province n at time t,
in which grid cell (i,j) is located, or total population in the whole China;
Wij(t) is an indicative factor of water area, when grid cell (i,j) is located in
water area Wij(t)=0, or else Wij(t)=1; Tranij(t) is a transport infrastructure
factor of grid cell (i,j); NPPij(t) is factor of NPP of grid cell(i,j); DEMij(t) is an
elevation factor of grid cell (i,j);Sk(t) is size of the kth city; M(t) is the total
number of cities; dijk(t) is the distance from grid cell ði; jÞ to the core grid cell
that has the highest population density in the kth city; raij(t) and roij(t)
represent respectively rail density and road density at grid cell (i,j);
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MNPPij(t) is the mean annual NPP at grid cell (i,j); demij(t) is elevation at
grid cell (i,j).
The major SMPD variables include NPP, elevation, water system, city
distribution, transport infrastructure distribution and total population of
China. The elevation and water system are natural factors and usually have
a slow change with time on national level so that it is spatial variable and
could be approximately regarded as a temporal constant within 100 years.
Although NPP could be modified by human activities, it is based on climate
and soil so that it could be considered as a spatial and temporal variable.
City distribution and transport infrastructure distribution are spatial and
temporal variables, which are determined by both natural factors and hu-
man activities, have a rapid change with time in China during recent
100 years.
Elevation
Elevation is an important variable of human population distribution
because most human settlements occur on lower elevation in China. For
instance, area of plains and hills with an elevation lower than 500 m ac-
counts for about 28% of total land area of China, where 74% of total
population in China inhabit (Zhang, 1997). The terrestrial parts of China are
broadly divided into three steps from Qinghai-Xizang Plateau eastward
(Zhao, 1986). The lofty and extensive Qinghai-Xizang Plateau is the first
great topographic step. Its eastern and northern borders roughly coincide
with the 3000 m contour line. It generally has an elevation of 4000 –
5000 m and hence is called the roof of the world.
From the eastern margin of the Qinghai-Xizang Plateau eastward up to
the DaHinggan-Taihang-Wushan mountains lies the second great topo-
graphic step. It is mainly composed of plateaus and basins with elevations of
1000–2000 m, such as the Nei Mongol, Ordos, Loess and Yunnan-Guizhou
plateaus and the Tarim, Junggar, and Sichuan basins.
From the eastern margin of the second step eastward up to the coast is
the third great topographic step. The largest plains of China, the Northeast
China Plain, the North China Plain and the middle and lower Changjiang
Plain are distributed in this step, which generally lie at elevation of below
200 m (Yue et al., 2003, 2005).
Water Systems
Water systems in China, which include rivers and lakes (Figure 1),
have a considerable effect on human population distribution. Rivers can
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be divided into oceanic ones that discharge into oceans and inland ones
that start in mountainous areas and disappear in conoplain or flow into
inland lakes. The oceanic system can be subdivided into Pacific, Indian
and Arctic drainage basins, accounting for 64% of the total land area in
China. The inland system includes a few perennial rivers and has large
tracts with no runoff, accounting for 36% of the total land area in China
(Zhao, 1986).
The Pacific oceanic subsystem accounts for 88.9% of the total oce-
anic system; rivers flowing into the Pacific ocean include Heilongjiang
river, Liaohe river, Luanhe river, Haihe river, Yellow river, Yangtze river,
Qiantangjiang river, Zhujiang river, Yuanjiang river, Lancangjiang river.
The Indian oceanic subsystem accounts for 10.3% of the total oceanic
system; rivers flowing into the Indian ocean have only their upper reaches
located in China, including Nujiang river, Longchuan river, Yarlu
Zangbujiang river, and Shiquan river. The Arctic oceanic subsystem has
only one large river, Ertix river that is a tributary of the ob river; it accounts
for 0.8% of the total oceanic system.
FIGURE 1. Water system of China.
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The inland river system is mostly located in arid and semiarid North-
west China, the northwestern Qinghai-Xizang plateau, and the central Or-
dos plateau. The great divide between inland and oceanic river systems runs
essentially northeast-southwest, starting from the southern end of Da-Xing-
An-Lin mountains, passing through Yanshan, Helanshan, the eastern Qilian,
Bayan Har, Nyainqentanglha, and Gangdise mountains, and up to the
southwestern margin of Qinghai-Xizang Plateau.
Five major lake regions can be identified, which are the northeast lake
region, the northwest lake region, the Qinghai-Xizang lake region, the
eastern lake region and the southwest lake region. They include 2800
natural lakes approximately, each with an area greater than 1 km2 and
many reservoirs that are artificial lakes. In the northeast lake region, there
exist large tracts of marsh and numerous small lakes with a total lake area
3722 km2. The northwest lake region is located in extensive arid and
semiarid northwest China; there are numerous inland lakes with a total area
of 22500 km2. In the Qinghai-Xizang lake region, the lakes are fed by
melting snow and the lake basins are mainly controlled by tectonic struc-
ture, with a total lake area of 30974 km2. The eastern lake region is mostly
located in the middle and lower reaches of the Changjiang, Huaihe,
Zhujiang rivers, with a total lake area of 22161 km2. The southwest lake
region is located in Yunnan-Guizhou plateau, mostly in karst area, with a
total lake area of 1188 km2.
Net Primary Productivity
NPP is a good indicator of spatial population distribution. NPP is the
difference between accumulative photosynthesis and accumulative auto-
trophic respiration by green plants per unit time and space (Lieth & Whittaker,
1975). Terrestrial Ecosystem Model (Liu, 2003) is employed for analyzing
spatial distribution of NPP in China. It integrates different data types that
include the land-use change data, daily climatic data and soil data. The
analysis results show that the mean annual NPP of terrestrial ecosystems in
China was 3.588 · 1015 gC/yr in 1990s, which is greater 0.094 · 1015 gC/
yr than the one in 1980s. In other words, the mean annual NPP increased by
0.49 gC m)2/yr during the 20 years (Yue et al., 2003; 2005).
The general situation in China is that from southeast to northwest NPP
becomes smaller and smaller gradually. Most of the NPP is distributed in the
East of the rainfall line where the annual precipitation is 410 mm, excepting
that there is higher NPP in the southern slopes of Tianshan mountains and
Altai mountains in Xinjiang. The maximum NPP appears in Xiaoxinganling
mountain and Changbai mountain in the northeast China, Yunnan-Guizhou
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plateau, Guangxi, Hainan, Chongqin and provinces along middle and
lower reaches of Yangtze river.
In terms of land-use types, on the average, NPP of shrub and open forest
is 1071 gC m)2 yr)1, evergreen broad-leaved forest 975 gC m)2 yr)1,
deciduous broad-leaved forest 928 gC m)2 yr)1, coniferous and broad-
leaved mixed forest 870 gC m)2 yr)1,farmland system 752 gC m)2 yr)1,
evergreen coniferous forest 587 gC m)2 yr)1,deciduous coniferous forest
585 gC m)2 yr)1, and grassland 271 gC m(2 yr(1 (Liu, 2001).
Urbanization
Urbanization is a process of the concentration of population in cities.
Spatial distribution of cities and proximity to cities are essential factors for
human population distribution of China. The spatial distribution of cities in
China has had the feature that city density is much higher in eastern China
than in western China in modern history (Yue et al., 2003). In 2000, 42.1%
of the 667 major cities of China distributed in eastern China where area
accounts for 9.5% of the whole area of China; 34% distributed in middle
China where area accounts for 17.4%; 23.8% distributed in western China
where area accounts for 70.4% (Urban Society and Economy Survey Team
of National Bureau of Statistics of People’s Republic of China, 2001). The
distribution densities of cities in eastern China and in middle China were
respectively 13.1 times and 5.8 times the one in western China. The urban
population proportion was 36.22% in 2000. According to National Report
of China Urban Development (2001–2002) (Editorial Committee of
National Report of China Urban Development of China Mayor Association,
2003), the urban population proportion would be 46.22% and 56.22%,
respectively in the years 2010 and 2020. In terms of statistics, the annual
increase rate of urban population proportion is 1.44% in recent 5 years
(National Bureau of Statistics of People’s Republic of China, 2003), by
which urban population proportion would respectively be 50.62% and
65.02% in the years 2010 and 2020. According to a report on a Senior
Forum organized by Ministry of Construction of People’s Republic of China
in October of 2004, the urban population proportion has had an increase
rate of 1.88% annually on an average in recent years (http://www.sdinfo.
net.cn/daily/2004/10/20041018135647.htm), by which the urban popula-
tion proportion would respectively be 55.02% and 73.82% in the years
2010 and 2020.
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Transport Infrastructures
Transport infrastructure is a primary indicator of human population
distribution (Dobson et al., 2000). Roads and railways are especially
indicative because of their vital role in human well-being. Length of railway
in operation was 68700 km in 2000 (Year Book House of China Trans-
portation and Communication, 2001). According to the medium and long
term planning of rail network construction of China, the length of railroad
would reach 85000 and 100000 km in the years 2010 and 2020, respec-
tively (Figure 2).
Total length of highways in China was about 1.4 million km in 2000
(Year Book House of China Transportation and Communication, 2001).
According to China development planning of national trunk-road network,
the trunk line system of national highways, 7 east–west main trunk roads
and 5 south–north main trunk roads, would be completed around the year
2010, of which total length is about 35000 km. A major framework of trunk-
roads would be completed around the year 2020. The major framework
FIGURE 2. Spatial distribution of railways in 2020 in China.
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includes Beijing radiation highways (Table 1), east–west trunk-roads
(Table 3) and south-north trunk-roads (Table 2). The major framework
including the five vertical trunk roads (Table 4) and seven horizontal trunk
roads (Table 5) links municipalities directly under the central government
and provincial capitals of China together and covers all metropolises with
population more than one million and 93% of big cities with more than 0.5
million people (Figure 3).
Population Growth
Since 1930, population in China has increased about three times. Hu’s
result (1983) showed that total population of China was 452.8 million
persons in 1930 and 541.67 million persons in 1949. Both fertility rate and
death rate were higher and natural rate of population growth was lower in
the period from 1930 to 1949. During the period from 1950 to 2000, total
population increased by 725.74 million persons, of which the annual mean
growth rate was 2.7%. The population growth underwent a rapid increase
stage from 1950 to 1973, in which fertility rate was higher and death rate
was lower and a relative slow stage. After birth control policy, only one
TABLE 1
Beijing radiation highways
Number Abbreviation Major control points Length(km)
G101 Jing-Shenline Beijing—Chengde—Shenyang 858
G102 Jing-Ha line Beijing—Shanhaiguan—Shenyang—
Changchun—Haerbin
1231
G103 Jing-Tang line Beijing—Tianjin—Tanggu 142
G104 Jing-Fu line Beijing—Nanjing—Hangzhou—Fuzhou 2284
G105 Jing-Zhu line Beijing—Nanchang—Guangzhou—Zhuhai 2361
G106 Jing-Guang line Beijing—Lankao—Huanggang—
Guangzhou
2497
G107 Jing-Shen line Beijing—Zhengzhou—Wuhan—
Guangzhou—Shenzhen
2449
G108 Jing-Kun line Beijing—Taiyuan—Xi’an—
Chengdu—Kunming
3356
G109 Jing-La line Beijing—Yinchuan—Lanzhou—
Xining—Lasa
3763
G110 Jing-Yin line Beijing—Huhehaote—Yinchuan 1063
G111 Jing-Jia line Beijing—Tongliao—Wulanhaote—Jiagedaqi 2034
G112 Jing-Huan line Xuanhua—Tangshan-Tianjin—Laiyuan 942
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child for one couple, has been carried out in China since 1973, both fertility
rate and death rate have become lower. Although the birth control policy
has restrained rapid population growth, annual newborn children are still
TABLE 2
The south–north trunk-roads
Number Abbreviation Major control points Length(km)
G201 He-Da line Hegang—Mudanjiang—Dalian 1822
G202 Ai-Da line Heihe—Haerbin—Jilin—
Dalian—Lvshun
1696
G203 Ming-Shen line Mingshui—Fuyu—Shenyang 656
G204 Yan-Hu line Yantai—Lianyungang—Shanghai 918
G205 Shan-Shen line Shanhaiguan—Zibo—Nanjing—
Tunxi—Shenzhen
2755
G206 Yan-Shan line Yantai—Xuzhou—Hefei—
Jingdezhen—Shantou
2324
G207 Xi-Hai line Xilinhaote—Zhangjiakou—
Changzhi—Xiangfan—
Changde—Wuzhou—Haian
3566
G208 Er-Chang line Erlianhaote—Jining—
Taiyuan—Changzhi
737
G209 Hu-Bei line Huhehaote—Sanmenxia—
Liuzhou—Beihai
3315
G210 Bao-Nan line Baotou—Xi’an—Chongqing—
Guiyang—Nanning
3005
G211 Yin-Shan line Yinchuan—Xi’an 604
G212 Lan-Yu line Lanzhou—Guangyuan—Chongqing 1084
G213 Lan-Mo line Lanzhou—Chengdu—Kunming—
Jinghong—Mohan
2852
G214 Xi-Jing line Xining—Changdu—Jinghong 3008
G215 Hong-Ge line Hongliuyuan—Dunhuang—Geermu 645
G216 A-Ba line Aleitai—Urumuqi—Baluntai 826
G217 A-Ku line Aleitai—Dushanzi—Kuche 1082
G218 Yi-Ruo line Qingshuihe-Yining—Kuerle—
Ruoqiang
1129
G219 Ye-Zi line Yecheng—Shiquanhe—Lazi 2139
G220 Bei-Zheng line Dongying—Jinan—Zhengzhou 526
G221 Ha-Tong line Haerbin—Tongjiang 639
G222 Yi-Ha line Haerbin—Yichun 332
G223 Hai-Yu (east) line Haikou—Yulin (east) 322
G224 Hai-Yu (middle)line Haikou—Yulin (middle) 296
G225 Hai-Yu (west) line Haikou—Yulin (west) 431
G226 Xi-Zhang line Xining—Zhangye 345
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TABLE 3
The east–west trunk-roads
Number Abbreviation Major control points Length(km)
G301 Sui-Man line Suifenhe—Haerbin—Manzhouli 1448
G302 Hun-Wu line Hunchun—Tumen—Jilin—
Changchun—Wulanhaote
1024
G303 Ji-Xi line Ji’an—Siping—Tongliao—Xilinhaote 1265
G304 Dan-Huo line Dandong—Tongliao—Huolinhe 818
G305 Zhuang-Lin Line Zhuanghe—Yingkou—Aohanqi—
Lindong
561
G306 Sui-Ke line Suizhong—Keshenketeng 689
G307 Qi-Yin line Qikou—Yinchuan 1193
G308 Qing-Shi line Qingdao—Jinan—Shijiazhuang 659
G309 Rong-Lan Line Rongcheng—Jinan—Yichuan—Lanzhou 1961
G310 Lian-Tian line Lianyungang—Xuzhou—Zhengzhou—
Xi’an—Tianshui
1153
G311 Xu-Xia line Xuzhou—Xuchang—Xixia 694
G312 Hu-Huo line Shanghai—Nanjing—Hefei—Xi’an—
Lanzhou—Urumuqi—Huoerguosi
4708
G314 Wu-Hong line Urumuqi—keshen—Hongqilapu 2073
G315 Xi-Sha line Xining—Shache 2746
G316 Fu-Lan line Fuzhou—Nanchang—Wuhan—
Lanzhou
1985
G317 Cheng-Na line Chengdu—Naqu 1917
G318 Hu-Nie line Shanghai—Wuhan—Chengdu—
Lasa—Nielamu
4907
G319 Xia-Cheng line Xiamen—Changsha—Chongqing—
Chengdu
2631
G320 Hu-Rui line Shanghai—Nanchang—Kunming—
Wanding—Ruili
3315
G321 Guang-Cheng
line
Guangzhou—Guilin—Guiyang—
Chengdu
1749
G322 Heng-You line Hengyang—Guilin—Nanning—
Pingxiang—Youyiguan
1045
G323 Rui-Lin line Ruijin—Shaoguan—Liuzhou—Lincang 2316
G324 Fu-Kun line Fuzhou—Guangzhou—Nanning—
Kunming
2201
G325 Guang-Nan line Guangzhou—Zhanjiang—Nanning 771
G326 Xiu-He line Xiushan—Bijie—Gejiu—Hekou 1239
G327 Lian-He line Lianyungang—Jining—Heze 395
G328 Ning-Hai line Nanjing—Haian 243
G329 Hang-Shen line Hangzhou—Ningbo—Shenjiamen 190
G330 Wen-Shou line Wenzhou—Shouchang 318
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more than 9.5 million in recent years in China because of the huge base
number (Institute of Population and Labor Economics of CASS, 2001). The
projection results (Jiang, 1998), on the basis of comprehensively analyzing
TABLE 4
The five vertical trunk roads
Number Abbreviation Major control points Length (km)
G010 Tong-San line Tongjiang—Haerbin—Changchun—
Shenyang—Dalian—Yantai—
Qingdao—Lianyungang—Shanghai—
Ningbo—
Fuzhou—Shenzhen—Guangzhou—
Zhanjiang—Haian—Haikou—Sanya
5700
G020 Jing-Fu line Beijing—Tianjin—Jinan—Xuzhou—
Hefei—Nanchang—Fuzhou
2540
G030 Jing-Zhu line Beijing—Shijiazhuang—Zhengzhou—
Wuhan—Changsha—
Guangzhou—Zhuhai
2310
G040 Er-He line Erlianhaote—Jining—Datong—
Taiyuan—Xi’an—Chengdu—
Kunming—Hekou
3610
G050 Yu-Zhan line Chongqing—Guiyang—Nanning—
Zhanjiang
1430
TABLE 5
Seven horizontal trunk roads
Number Abbreviation Major control points Length (km)
G015 Sui-Man line Suifenhe—Haerbin—Manzhouli 1280
G025 Dan-La line Dandong—Shenyang—Tangshan
—Beijing—Jining—Huhehaote—
Yinchuan—Lanzhou—Lasa
4590
G035 Qing-Yin line Qingdao—Jinan—Shijiazhuang—
Taiyuan—Yinchuan
1610
G045 Lian-Huo line Lianyungang—Xuzhou—Zhengzhou—
Xi’an—Lanzhou—Urumuqi—Huoerguosi
3980
G055 Hu-Rong line Shanghai—Nanjing—Hefei—Wuhan—
Chongqing—Chengdu
2970
G065 Hu-Rui line Shanghai—Hangzhou—Nanchang—
Guiyang—Kunming—Ruili
4090
G075 Heng-Kun line Hengyang—Nanning—Kunming 1980
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all factors that affect population growth in China, show that total population
in China under assumptions of higher total fertility rate would be 1401.15
and 1508.84 million persons in the years 2010 and 2020, respectively; total
population in China under assumptions of lower total fertility rate would be
1371.23 million persons and 1456.39 million persons in the years 2010 and
2020, respectively. According to A2 projection of IPCC (http://sres.cie-
sin.columbia.edu/tgcia/hm.html), total population in China would be
1460.39 and 1597.68 million persons in the years 2010 and 2020,
respectively (Table 6).
THE SCENARIOS
According to current ecological and economical situation, China could
be geographically analyzed in three regions that are western, middle, and
eastern China. The western region of China consists of five provinces in
southwest China, five provinces in northwest China, Inner Mongolia
FIGURE 3. Spatial distribution of national highways in 2020 in China.
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Autonomous region, and Guangxi Zhuang Autonomous region. Five prov-
inces in southwest China are Sichuan province, Chongqing city, Yunnan
province, Guizhou province and Tibet Autonomous region. Five provinces
in northwest China are Shaanxi province, Gansu province, Ningxia Hui
Autonomous region, Xinjiang Uygur Autonomous region and Qinghai
province. Area of the western region of China is about 6.7546 million km2,
accounting for 70% of the whole of China. The middle region of China
consists of eight provinces that are Shanxi, Anhui, Jiangxi, Henan, Hubei,
Hunan, Jilin and Helongjiang, of which area is 1.67 million km2 and ac-
counts for 17.4% of the Whole of China. The eastern region of China
consists of 11 provinces that are Beijing, Tianjin, Hebei, Liaoning, Shang-
hai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan, of
which area is 1.2 million km2and accounts for 12.5% of the whole of China.
Three scenarios, which are distinguished into I, II and III, are devel-
oped under a general assumption that railway construction planning
would have been successfully carried out, increase rate of NPP would be
0.49 gC m)2/yr, and water system and elevation have little change on
national level (Table 7).
In the scenario I, it is supposed that the urban population proportion
would be 55.02% in the year 2010 and 73.82% in the year 2020, total
length of highway would be 1.47 and 1.54 million km, respectively in the
years 2010 and 2020, total length of railway would be 91365 and
114030 km, respectively in the years 2010 and 2020, and population
would be 1460.39 million persons in the year 2010 and 1597.68 million
persons in the year 2020.
In the scenario II, the urban population proportion would be 50.62%
in the year 2010 and 65.02% in the year 2020. Total length of highway
would be 1.435 and 1.47 million km, respectively in the years 2010 and
2020. Total length of railway would be 85000 and 100000 km, respec-
tively in the years 2010 and 2020. Population would be 1401.15 million
persons in the year 2010 and 1508.84 million persons in the year 2020.
TABLE 6
Different projections of total population in China (Unit: person)
Years 2010 2020
Jiang’s Projection (higher) 14011,50,000 1508840,000
Jiang’s Projection (lower) 1371230,000 1456390,000
IPCC’s Projection(A2) 1460393,624 1597678,390
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In the scenario III, the urban population proportion would be 46.22%
in the year 2010 and 56.22% in the year 2020. Total length of highway
would be 1.435 and 1.47 million km, respectively in the years 2010 and
2020. Total length of railway would be 77340 and 85980 km,respectively
in the years 2010 and 2020. Population would be 1371.23 million persons
in the year 2010 and 1456.39 million persons in the year 2020.
All scenarios show that, if population migration in China would be no
any limitation, population might greatly float from the western and middle
regions to the eastern region of China. In fact, simulation of population
trend during the period from the years 1930–2000 implied that population
migration had a limitation from provincial administration (Yue et al., 2003,).
If population could freely migrate within the whole China, the balanced
ratios of population in the western region, the middle region and the eastern
region to total population in the whole China would be 16%, 33% and
52%, respectively (Table 8). Because the three scenarios of population
distribution in the years 2010 and 2020 have a very similar pattern, we only
present scenario IIs as an example in this paper (Figures 4 and 5).
FIGURE 4. Scenarios of human population distribution in 2010 (unit: per-
sons per square kilometer).
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The three scenarios exemplify the range of possible futures of spatial
distribution of population in China. The high level of uncertainty about the
future implies that is not possible to distinguish between the probability of
one scenario versus another (Millennium Ecosystem Assessment, 2003). They
are all possible, consistent descriptions of the future and their probabilities
FIGURE 5. Scenario II of human population distribution in 2020 (unit:
persons per square kilometer).
FIGURE 6. A comparison between, a) the SMPD simulation result of pop-
ulation distribution in early 1930s and b) the Hu’s result of population
distribution in early 1930s (unit: persons per square kilometer).
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are about equal. Other scenarios, however, are also possible, and it is highly
unlikely that any of the three scenarios developed would come true. The three
scenarios are only a small subset of possible futures. They are selected be-
cause a thorough analysis to historical materials and data of population dis-
tribution in China shows that SMPD simulation result is more valid than Hu’s
result (1935) on spatial distribution of human population in early 1930s
(Figure 6). In addition to the comparison between the Hu’s result and the
SMPD simulation result, SMPD simulation result of population distribution in
the year 2000 is proven to be reliable (Yue et al., 2003, 2005). Therefore,
despite the pervasive uncertainty of the future, the scenarios contain state-
ments that we intuitively judge are more certain than others.
DISCUSSIONS
China can be geographically divided into three regions that are wes-
tern, middle, and eastern China (Yue et al., 2003, 2005). Areas of the
western region, the middle region and the eastern region of China are
FIGURE 7. Location of the three urban agglomerations in the eastern region
of China.
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respectively about 6.7546, 1.67 and 1.2 million km2 and account for 70%,
17.4% and 12.5% of the whole of China. In terms of the SMPD scenarios,
16% population would live in the western region, 33% in the middle region
and 52% in the eastern region if population could freely migrate within the
whole China. This spatial pattern of population distribution in China under
current economic and infrastructure conditions would hasten development
of Encircling-Bohai-Sea, Yangtze-River-Delta and Pear-River-Delta urban
agglomerations in the eastern region of China (Wang, 2003). The three
urban agglomerations are taking their shapes and their rapid development
would be inexorable trend in near future. The Encircling-Bohai-Sea urban
agglomeration, taking Beijing, Tianjin and Dalian as its cores, embodies 5
prefectural cities in Hebei province, which are Tangshan, Baoding, Langf-
ang, Qinghuangdao and Cangzhou, eight prefectural cities in Shandong
province, which are Jinan, Dongying, Yantai, Weihai, Qingdao, Weifang,
Zhibo and Binzhou, 9 prefectural cities in Liaoning province, which are
Shenyang, Dalian, Benxi, Anshan, Yingkou, Fushun, Panjin, Jinzhou and
Huloudao. The Yangtze-River-Delta urban agglomeration, taking Shanghai,
Suzhou, Wuxi, Nanjing, Hangzhou and Ningbo as its ores, embodies eight
prefectural cities in Jiangsu province, which are Nanjing, Suzhou, Wuxi,
Changzhou, Yangzhou, Zhenjiang, Nantong and Taizhou, and 6 prefectural
cities in Zhejiang province, which are Hangzhou, Ningbo, Huzhou, Jiaxing,
Shaoxing and Zhoushan. Pear-River-Delta urban agglomeration taking
Guangzhou, Shenzhen, Zhuhai, Dongguan and Zhongshan as its cores,
includes nine prefectural cities in Guandong province, which are Gu-
angzhou, Dongguan, Shenzhen, Zhongshan, Zhuhai, Foshan, Jiangmen,
Zhaoqing and Huizhou (Editorial Committee of National Report of China
Urban Development of China Mayor Association, 2004) (Figure 7).
The great immigration of population from the western and middle re-
gions into the eastern region of China and development of the three urban
agglomerations in the eastern region would lead to many serious environ-
mental problems such as shortage of natural resources and energy re-
sources, exacerbation of environmental pollutions and land degradation.
Solutions of these environmental problems are challenges facing relative
peoples and institutions.
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